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‘ Repeated Eigenvalues' \

Sincedet(A — AI) isapolynomial it is possible to have aroot with a
multiplicity greater than 1, i.e., the polynomial has afactor

()\—Al)m, m > 1

m 1S the algebraic multiplicity of the eigenvalue \;
A1 can have at most m linearly independent eigenvectors
A1 can have asfew as 1 eigenvector

the number of linearly independent eigenvectors, g, for \; isits
geometric multiplicity

When g < m we must generate other linearly independent vectors to
associate with A\; and form a piece of the general solution to the
homogeneous ODE /
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/ ‘ Repeated Eigenvalues'

Suppose A isan eigenvalueof A € R"*" withm =2andg =1
Av = o) — 2z (t) = veM

hypothesis: (2 (t) = vte* + pett

/
(:C(z)) (t) = ver + prer + vAte

Az (t) = Avte™ + Apert = vAte + Apett
(v + pA)eM = Apet

Sv=Ap—pA—= (A=Al)p=v




‘ Repeated Eigenvalues'

e mustsolve (A —A)p =

o det(A — A\I) = 0 soingenera no guarantee of a solution
e Since v IS an elgenvector asolution p exists

e p and v are linearly independent

e \i = X =)and,eg., A3 F - F A\, F A

2(t) = M (t) + e () + ) i (2)
1=3

n
— crve™ + o (,UteAt _|_pe>\t) 4 ch(z‘)exit
i=3
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‘ Example.

det(A — \I) = = (=3 - (=3-X)=(B+))?

0 1 (] 0 U1
S = A = =3, —= — UV = . Vup
0 0 V2 0 0

No other solution since there is only one free parameter.
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‘ Example.

= Ax

z(t) = crve™ + ¢y (vte)‘t + pe’\t)

IS the general solution.
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‘ Example'

To solve the IVP we must solve alinear system of algebraic equations.

v’ = Ax,z(0) = (21E8;>
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/ ‘ Example' \

mu” +yu' + ku=0

T =u, T;=x9="1

T] = T

mxb + vy + kr1 =0

\Ifm = 1,y = 4,k = 4 — critically damped: v = 2v km. /
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nly one free parameter and one eigenvector direction.
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Take v1 =1

‘ Example.
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‘ Example.

= clveM + o 'Ute + pe”)

—2t

6—2t

—2t

—e€

o2t o2t
x1(t) u(t) cre 2t 4 cote™ 2
ro(t) u'(t) —2c1e” %t — 2cote %

IS the genera solution.
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